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Sheila Abraham
EPA Probability Workshop

COMMENTS ON THE ISSUE PAPERS / DISCUSSION ISSUES FOR THE EPA

WORKSHOP ON SELECTING INPUT DISTRIBUTIONS FOR PROBABILISTIC

ASSESSMENT

Probabilistic analysis techniques are, as stated in EPA’s May 1997 “Guiding Principles

for Monte Carlo Analysis”, viable tools in the risk assessment process provided they are

supported by adequate data and credible assumptions. In this context, the risk

assessor (or risk assessment reviewer) needs to be sensitive to the real-life implications

on the receptors of site-specific decisions based on the analysis of variability and

uncertainty. The focus should be on the site, in a holistic manner, and all components

of the risk assessment should be recognized as tools and techniques used to arrive at

appropriate site-specific decisions.

Preliminary (generalized) comments from a risk assessment perspective on the issue

papers are provided below, as requested.

Evaluating Representativeness of Exposure Factors Data (Issue Paper #1)

1) The Issue Paper (Framework/ Checklists):

Overall, the issue paper provides a structured framework for a systematic approach for

characterizing and evaluating the representativeness of exposure data. However, one

of the clarifications that could be provided (in the narrative, checklists and figure) relates

to the explicit delineation of the objectives of the exercise of evaluating data

representativeness. The purpose of the original study should also be evaluated in the

context of the population of concern. In other words, factoring the Data Quality

Objectives (DQOs) and the Data Quality Assessment (DQA) premises into the process

could help define decision performance requirements. It could also help to evaluate

sampling design performance over a wide range of possible outcomes, and address the

necessity for multi-staged assessment of representativeness. As stated in the DQA
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Guidance (1997), data quality (including representativeness) is meaningful only when it

relates to the intended use of the data.

On the query related to the tiered approach to (“forward”) risk assessment, site-specific

screening risk assessments typically tend to be deterministic and have been conducted

using conservative default assumptions; the screening level tables provided by certain

U.S. EPA regions have to this point also been deterministic. Therefore the utility of the

checklists at this type of screening level might be extremely limited. As one progresses

through increasing levels of analytical sophistication, the screening numbers generated

from probabilistic assessment may require a subset of the checklists to be developed;

the specificity of the checklists should be a function of the critical exposure parameters

identified through a sensitivity analysis. Such analyses might also help refine the

protocol (criteria and hierarchy) for assessing data set representativeness in the event

of overlap of the individual, population and temporal characteristics (example, inhalation

activity in elementary school students in the Columbus area exposed to contaminants at

a school ballfield).

2) Sensitivity:

The utility of a sensitivity analysis cannot be overemphasized. Currently, there appears

to be a tendency to use readily available software to generate these analyses; guidance

on this in the context of project/ site-specific risk assessments should be provided.

Providing examples as done in the Region VIII guidance on Monte Carlo simulations

facilitates the process.

On the issue of representativeness in making inferences from a sample to a population

and the ambiguity of the term “representative sample”, process-driven selection might

be appropriate for homogenous populations, but for the risk assessor, sampling that

captures the characteristics of the population might be more relevant in the context of
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the use of the data. This issue appears to have been captured in the discussion on

attempting to improve representativeness.

Empirical Distribution Functions (EDFs) versus Parametric Distributions (PDFs)

(Issue Paper #2)

1) Selection of the Empirical Distribution Functions (EDF) or Parametric Distribution

Function (PDF):

The focus of the issue paper is the Empirical Distribution Function (EDF), and a number

of assumptions have been made to focus the discussion on EDFs. However, for a

clearer understanding of the issues and to facilitate the appropriate choice of analytical

approaches, a discussion of the PDF, specifically the advantages/ disadvantages and

constraining situations would be beneficial. The rationale for this is that the decision on

whether to apply the EDF or the PDF should not be a question of choice or even mutual

exclusivity, but a sequential process that is flexible enough to evaluate the merits and

demerits of both approaches in the context of the data.

In general, from a site/ project perspective, there may be definite advantages to PDFs

when the data are limited, provided the fit of the theoretical distribution to the data is

good, and there is a theoretical or mechanistic basis supporting the chosen parametric

distribution. The advantages to the PDF approach are more fully discussed in several

references (Law and Kelton 1991). These advantages need to be evaluated in a

project-specific context; they could include the compact representation of observations/

data, and the capacity to extrapolate beyond the range of observed data, as well as the

“smoothing out” of data. (In contrast, the disadvantages imposed by the possible

distortion of information in the fitting process should not be overtooked. Further, the

(traditional use of ) EDFs that limit extrapolation beyond the extreme data points,

perhaps underestimating the probability of an extreme event, may need to be

considered. This is could be a handicap in certain situations, where the risk
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assessment demands an interest in outlier values. In such situations, a fuller

discussion of alternate approaches such as a mixed-distribution (Brately et al., 1987)

may be warranted.) Finally, the PDFs, given their already established theoretical basis,

may lend themselves to more defensible and credible decision-making, particularly at

contentious sites.

This predisposition to PDFs certainly does not preclude the evaluation of the EDF in the

process. The advantage accruing from having the data “speak” to the risk assessor/

reviewer should not be minimized. Depending on the project/ site involved, the benefits

of the complete representation of data, the direct information provided on the shape of

the underlying distribution, and even on peculiarities such as outlier values should be

discussed, as well as relevant drawbacks (sensitivity to random occurrences, potential

underestimation of the probability of extreme events, perhaps cumbersome nature if the

data points are individually represented). In this context, some of the comments in the

“Issue/ Comments” Table (“issues” presumably derived from D’Agostino and Stephens,

1986) can serve as the basis for additional discussion.

2) Goodness of Fit:

The decision whether the data are adequately represented by a fitted theoretical

distribution is an aggregative process, and goodness-of-fit is part of the sequential

exercise. Preliminary assessments of the general families of distributions that appear

to best match the data (based on prior knowledge and exploratory data analysis) are

often conducted initially; the mechanistic process for choice of a distributional family,

the discrete/continuous and bounded/ unbounded nature of the variable are evaluated.

Summary statistics, including measures of shape are evaluated and the parameters of

the (candidate) family are estimated. The goodness-of-fit statistics should factor into

the whole process, as should graphical comparisons of the fitted and empirical

distributions. Goodness-of-fit tests can be an excellent confirmatory tool for verifying
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the chosen distribution, when used in conjunction with statistical measures and

probability plots.

However, caution should be exercised in situations where these tests could conceivably

lead an analyst to support a distribution that a visual inspection of the data does not

support. Also, it should be emphasized that (for example for certain physiological

parameters), even if the distribution fits, maintaining the integrity of the (biological) data

should override goodness-of-fit considerations. Ultimately, the persuasive power of

graphical methods for assessing fit should not be underestimated.

On the question how the level of significance of the goodness-of-fit statistic should be

chosen, this is often a function of the data quality assessment (DQA) for that particular

site or situation; an idea of the consequences in terms of real-life examples can be

gathered from EPA’s Guidance for Data Quality Assessment (1997). On the whole, I

tend to agree with the respondent (#4) who states that the desired level of significance

should be determined prior to analyzing the data. Again, as the respondent states, if

minor differences in the p-value impinge substantially on the analysis, the “conclusions

are probably too evanescent to have much usefulness”.

Summary statistics are useful, particularly in the initial characterization of the data (as

previously mentioned). Given the constraints imposed by the project/ site logistics, all

too often these are the only data available, and they have been used as the basis for

analytical distribution fits (Ohio EPA, 1996). Caution should be exercised in implying a

level of accuracy based on limited knowledge. Sensitivity analyses might help clarify

the limitations that need to be placed in such situations particularly when dealing with

an exposure parameter of considerable impact; further, the utility of such an exercise

for a parameter with minor impact (as revealed by the sensitivity analysis) could be

questionable.
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On the question of the value of testing the fit of the more generalized distributions

(presumably in lieu of the EDF), this could be an useful exercise, but the project

logistics may factor into this, as also the DQA premises. Project resources available

and the defensibility of the decision-making process need to be factored into the

situation. The issue of fitting an artificial distribution to a data set, and ultimately

arriving at a distribution removed from reality also needs to be evaluated in the project-

specific context.

3) Uncertainty:

The discussion in “Development of Statistical Distributions for Exposure Factors”

(Research Triangle Institute) paper is interesting in terms of the approaches suggested

for evaluating parameter uncertainty; Hattis and Bummaster’s comment cited in the

paper that only a trivial proportion of the overall uncertainty may be revealed is

important. Certain methods (example, bootstrapping) appear to have intriguing

potential for accounting for “hot spots”.

Finally, the risk assessor/ reviewer needs to be aware that the analysis of variability and

uncertainty is a simulation, based on hypothetical receptors. However, as stated

initially, this sometimes academic exercise can have multi-million dollar implications,

and intimately affect real-life human and ecological receptors; the risk assessor/

reviewer should always be cognizant of this consequence.

References:
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Comments on Issue Paper on Evaluating Representativeness of Exposure

Factors Data

The Issue Paper on Evaluating Representativeness of Exposure Factors Data is a well

written, clear discussion of the theoretical issues of representativeness. I was

particularly interested in the discussion of time unit differences. The Office of

Environmental Health Hazard Assessment (OEHHA) is grappling with this issue with

several of the distributions which we want to use for determining chronic exposure.

The issue of representativeness of a sample is often complicated by lack of knowledge

about the demographics of the population under consideration. An accurate

determination of the population under consideration may not be part of the risk

assessment requirements of regulatory programs. If the population of concern has not

been characterized, the determination of the representativeness of the data being used

in the assessment is not possible.

The issue of representativeness of the sample to the population is an important

question. For example, populations which are exposed to Super Fund toxicants or

airborne pollution from stationary sources may be from lower socioeconomic groups.

Unfortunately, most of the information which is available on mobility is from the general

population. It may be that low income home owners have a much longer residency time

than people of median or higher income. It may also be that low income non-home

owners in certain age groups have a higher mobility than the general population. We

therefore suspected that the available distributions were not representative. In addition,

the U.S. Census data, the basis for the available residency distributions are not

longitudinal. Another problem with the residency data when evaluating stationary

sources is the issue of where the person moves to. A person moving may not

necessarily move out of the isopleth of the facility. The likelihood of moving out of the

isopleth of a stationary facility also may be related to socioeconomic status.
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In order to address this problem, OEHHA proposed not using a distribution for

residence time in our Public Review Draft Exposure Assessment and Stochastic

Analysis Technical Support Document (1996). Instead we proposed doing a separate

stochastic analysis scenario for 9, 30 and 70 years. We did not think that the 9, 30 or

70 years time points evaluated were necessarily representative of actual residence

times, but that these were useful, reasonably spaced intervals for residents to compare

with their own known residency time.

Using three scenarios complicates the analysis, but we felt that the approach had some

advantages over using a distribution. The California *Hot Spots* program is a public

right to know act which assesses risks of airborne pollutants from stationary sources.

Public notification is required above a certain level of risk. An individual resident who

has received notice is aware of the amount of the time that he or she has lived, or in

many cases plans to live, in vicinity of the facility. Therefore the individual could more

accurately assess his or her individual cancer risk. The relationship between the

residency time assumption and the resulting risk are clear, not buried in the overall

range of the uncertainty or variability of the risk estimate.

This approach might possibly be used in other cases where representative data in not

available or where the representativeness is questionable. For example if the drinking

water pathway is of concern and representative information is not available for the

population of a Mojave Desert town, the range or point estimate of cancer risk from

drinking 1, 2, 4 and 8 liters of contaminated tap water per day could be presented.

In some cases, each situation that a regulatory risk assessment program will be

evaluating will be almost unique, and therefore anything other than site-specific data will

not be representative. OEHHA characterized a fish consumption distribution for anglers

consuming non-commercial fish using, the Santa Monica Bay Seafood Consumption

Study Final Report (6/94) raw data. We compared the Santa Monica Bay distribution to
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the fish consumption distribution for the Great Lakes (Murray and Butmaster, 1994).

We found that the differences in the two distributions could be attributed to

methodological differences in the two studies. Thus the assumption that a salt water

fish consumption distribution was comparable to a fish consumption distribution for

large fresh water body was not implausible. However, the data gathered from large

bodies of water are probably not representative of small lakes and ponds with limited

productivity and where other fishing options may exist. For such bodies of water a

site-specific angler survey is probably the only way of obtaining representative data.

For cost reasons, this option is not likely to be pursued except in a risk assessment with

very high financial stakes. We chose to recommend using the Santa Monica Bay fish

consumption. It could be multiplied by a fraction to be determined by expert judgment

to adjust for site-specific conditions such as productivity etc. The Santa Monica Bay

fish distribution may not be representative in other ways in a given situation but may still

be the most practical option. It is clearly not temporally representative for chronic

cancer risk assessment.

Cost is often a factor that limits representativeness.

On page 8, paragraph 3 of the Issues paper there is a discussion of determining the

relationship between two populations and making adjustments in distributions based on

speculative estimates of the differences in means and the coefficients of variation.

Perhaps in many instances, another option would be to state that the information from a

surrogate population is being used and that the actual population is known to be

different, or may be different by an unknown amount. There are many questions in risk

assessment for which expert opinion is no better than uninformed opinion in attempting

to quantify the unknown. An example of this is the shape of the dose-response curve

for cancer for most chemicals at low concentrations.. A frank admission of ignorance

may be more credible than an attempted quantification of ignorance in many cases,
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Comments on Temporal Issues

The methods discussed for estimating intraindividual variability from data collected over

varying short periods of time relative to the longer time period of interest are interesting

and would appear to be useful for the NFCS data. OEHHA is giving some

consideration to using the techniques described by Nusser et al. 1996 to adjust the

distributions for food consumption that we have developed for food consumption using

the Continuing Survey for Food Intake for Individuals 1989-91 raw data. I would be

curious to know if these methods have been validated on any actual longitudinal data.

The assumption of the lognormal model needed by the method of Wallace et al. (1994)

may in some cases be limiting. We have discovered when we evaluated broad

categories of produce consumption using the CSFII 89-91 data that some of the

distributions for certain age groups were closer to a normal model than a lognormal

model.

The Representativeness Issue paper discusses the importance of using current data.

The continued use of the 1977-78 NFCS study is cited as an example. The raw data

from the 1989-91 CSFII has been available for some time as an alternative to the

1977-78 NFCS survey. Raw data from the 1992-93 CSFII survey is now available.

OEHHA has used that data to develop produce, meat and dairy products consumption

distributions for the California population. It is admittedly not a trivial exercise to extract

the relevant data from the huge raw CSFII data sets but this alternative has existed for

several years. The 1989-91 CSFII data is clearly different in some cases from the

1977-78 NFCS. Beef consumption appears to have declined. As a matter of policy,

there should be a stated preference for using the available data over attempting to use

expert judgment to guess at the appropriate means, coefficients of variation and

parametric model. In some of the Monte Carlo risk assessment literature, the

preference appears to be for expert judgment rather than data.
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The use of related data may in some cases be useful in giving some insight into the

representativeness of data collected over the short term for chronic scenarios. OEHHA

has used the data on total energy expenditure as measured by the doubly labeled water

method to look at the representativeness of our breathing rate distribution, based in part

on a one day 24 hour activity pattern survey. The information on total energy

expenditure gave an indication that intraindividual variability was a huge fraction of the

total variability (intraindividual plus interindividual variability).

The intraindividual variability for a broad category of produce such as leafy vegetables

may not be very great relative to the interindividual variability. The intraindividual

variability for a single item less frequently consumed item such as strawberries is

probably much greater than for broad categories. Thus, short term survey data which

looks at broader categories of produce are probably more applicable to chronic risk

assessment than single item distributions.

Research Needs

The information which is needed to develop more accurate distributions for many if not

most variates needed for chronic stochastic human health risk assessment are simply

not available. In particular there is a lack of longitudinal data for breathing rates, soil

ingestion, water consumption rates, produce ingestion, non-commercial fish

consumption, dairy product consumption and meat ingestion. Some distributions in

common use, such as water consumption, are based on out of date studies. More

research is needed on bioconcentration and biotransfer factors. Longitudinal data on

activity patterns and mobility patterns would also be very useful. There needs to be

much more research on dermal absorption factors and factors which influence dermal

absorption. More research needs to be done on children and the ways that they differ

from adults.
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Summary

The overall lack of data, particularly longitudinal data, for risk assessment variates is

probably the most important single factor limiting representativeness. If the purpose of

the risk assessment is to inform the exposed public, it may be possible and even

preferable to use point estimates for multiple scenarios in the absence of some

representative data. The statistical methods for adopting short term data for use in

chronic risk assessment presented the Issue paper appear to be reasonable

approaches in instances where the required data is available. More longitudinal studies

would be valuable for validation of these methods as well as improving the temporal

representativeness of distributions used in risk assessment. Most of the data used in

stochastic risk assessment will probably be nonrepresentative in one or more of the

ways discussed in the Issues paper for a long time into the future.
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David Burmaster

13 April 1998

Memorandum

To: Participants, US EPA’s Workshop on Selecting Input Distributions

for Probabilistic Analyses

Via: Beth A. O’Connor, ERG

From: David E. Burmaster

Subject: Initial Thoughts and Comments,

and Additional Topics for Discussion

Thank you for inviting me to participate in this Workshop in New York City.

Here are my initial thoughts and comments, along with suggestions for additional topics

for discussion. Since I have just returned from 3 weeks of travel overseas, I will keep

these brief.

1. Models and Data

In 1979, George Box wrote, “All models are wrong, but some are useful.”

May I propose a new corollary for discussion? “All data are wrong, but some are

useful.”

Alceon ® Corporation l PO Box 382669 • Harvard Square Station l Cambridge, MA 02236-2669 l Tel: 617-864-4300
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2. Definitions for Variability and Uncertainty

The Issue Papers lack crisp definitions for variabilitv  and uncertaintv  as well as a

discussion about why variability and uncertainty are important considerations in risk

assessment and risk management. (See, for example, NCRP, 1996.) In particular, I

recommend definitions along these lines for these two key terms:

l Variabilitv represents true heterogeneity in the biochemistry or physiology (e.g.,

body weight) or behavior (e.g., time spent showering) in a population which

cannot be reduced through further measurement or study (although such

heterogeneity may be disaggregated into different components associated with

different subgroups in the population). For example, different children in a

population ingest different amounts of tap water each day. Thus variability is a

fundamental propertv of the exposed population and or the exposure scenario(s)

in the assessment. Variability in a population is best analyzed and modeled in

terms of a full probability distribution, usually a first-order parametric distribution

with constant parameters.

l Uncertainty represents ignorance -- or lack of perfect knowledge -- about a

phenomenon for a population as a whole or for an individual in a population

which may sometimes be reduced through further measurement or study. For

example, although we may not know much about the issue now, we may learn

more about certain people’s ingestion of whole fish through suitable

measurements or questionnaires. In contrast, through measurements today, we

cannot now eliminate our uncertainty about the number of children who will play

in a new park scheduled for construction in 2001. Thus, uncertainty is a property

of the analyst performing the risk assessment. Uncertainty about the variability in

a population can be well analyzed and modeled in terms of a full probability

Alceon ® Corporation l PO Box 382669 l Harvard Square Station l Cambridge, MA 02238-2669 l Tel: 617-864-4300
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distribution, usually a second-order parametric distribution with nonconstant

(distributional) parameters.

Second-order random variables (Burmaster & Wilson, 1996; references therein) provide

a powerful method to quantify and propagate V and U separately.

3. Positive Incentives to Collect New Data and Develop New Methods

I urge the Agency print this Notice inside the front cover and inside the rear cover of

each Issue Paper / Handbook / Guidance Manual, etc. related to probabilistic analyses

_ and on the first Web page housing the electronic version of the Issue Paper /

Handbook / Guidance Manual:

This Issue Paper / Handbook / Guidance Manual contains guidelines and
suggestions for use in probabilistic exposure assessments.

Given the breadth and depth of probabilistic methods and statistics, and given
the rapid development of new probabilistic methods, the Agency cannot list all
the possible techniques that a risk assessor may use for a particular
assessment.

The US EPA emphatically encourages the development and application of new
methods in exposure assessments and the collection of new data for exposure
assessments, and nothing in this issue Paper / Handbook / Guidance Manual
can or should be construed as limiting the development or application of new
methods and/or the collection of new data whose power and sophistication may
rival, improve, or exceed the guidelines contained in this Issue Paper /
Handbook / Guidance Manual .

Alceon ® Corporation l PO Box 382669 l Harvard Square Station l Cambridge, MA 02238-2669 l Tel: 617-864-4300
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4. Truncating the Tails of LogNormal Distributions

While LogNormal  distributions provide excellent fits to the data for many exposure

variables, e.g., body weight, skin area, drinking water ingestion rate (total and tap),

showering time, and others, it is important to truncate the tails of these distributions. For

example, no individual has 1 cm2 of skin area; no individual has IO5 cm2 of skin area,

and no individual can shower 25 hr/d.

5. Mixing Apples and Oranges

It is wholly inconsistent for the Agency to proceed with policies that legitimize the use of

probabilistic techniques for exposure factors while preventing the use of probabilistic

techniques in dose-response assessment. By doing so, the Agency double counts the

effects of variability and uncertainty, all on a loglo scale -- i.e., by several orders of

magnitude.

6. Report by RTI

I disagree strongly with many of the approaches and conclusions found in RTl’s  Final

Report dated 18 March 1998.
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REPRESENTATIVENESS  (Issue Paper #1)

1) The Issue Paper

We would use probabilistic methods specifically for the purpose of assessing

risks from the uncontrolled release of hazardous substances at a specific location (site).

Our overall goal will be to feel confident that the entire risk assessment (and not just a

few of its components) is representative of site-specific conditions. Our objective is

better risk management decisions. This requires us to keep a few other considerations

in mind.

The issue of representativeness in terms of a fit between available exposure

factors data and resulting distributions is dealt with in the issue paper. However, a risk

assessment cannot be performed with exposure factor distributions alone - some type

of exposure model is required. We should therefore also be concerned with the

representativeness of the exposure model within which the individual exposure factors

are used.

Correlation between exposure factors could significantly affect the

representativeness of the resulting risk assessment. It appears possible to have too

much or little correlation between factors. In some cases, the correlation is not

necessarily with body weight and/or age but with an underlying activity pattern (human

behavior) that may not be fully known. This nature and extent of correlation should be

a factor in evaluating representativeness.

The issue of data and statistical inferences at the extreme upper bounds (e.g.,

99.9th percentile) of a distribution has been raised in the literature, on the Web, and in

other U. S. EPA forums. As a matter of policy, we regulate at the 90th percentile, feel

that decisions based on extreme upper bound estimates are potentially unreasonable,

and thus have truncated the upper bound (not allowed its extension to +ºº) of many of
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the exposure factor distributions. How any such truncation of a distribution affects its

representativeness should also be discussed.

The suggestion that probabilistic methods could be used in any form of

“screening-level” risk assessment is of concern. We view screening has a quick but

highly conservative comparison of environmental media concentrations with published

toxicity data that occurs early in a remedial investigation (RI) for the sole purposes of

narrowing the focus of the baseline risk assessment. Under our current guidance, we

are preserving probabilistic methods for use only in a baseline assessment.

2) Sensitivity

When various exposure factors are combined within a given exposure model, it

is typically the case that a few of them have a disproportionate influence on the

outcome. For example, soil ingestion rate, soil adherence factor, and exposure

duration are often primary drivers, as well as major sources of uncertainty. We should

broaden the discussion to consider whether all exposure factors are of equal

importance, in terms of their influence on the outcome of the risk assessment, so as to

better focus our distribution development efforts.

3) Adjustments

Concern has been expressed that any “default” exposure factor distributions

proposed by U. S. EPA will, perhaps unintentionally, will evolve into inflexible or

“standard” requirements. To counter this, as well as allow for inclusion of regional and

local influences, U. S. EPA should propose, in addition to any de facto “default’

distributions, an exemplary method(s) for establishing exposure factor distributions.

This exemplary method should be as straightforward, transparent, and explainable

(primarily to risk managers) as possible. It should also describe quality assurance (QA)

and quality control (QC) procedures to allow for the expedient and thorough review of

probabilistic risk assessments submitted to regulatory agencies by outside contractors.
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EMPIRICAL DISTRIBUTION FUNCTIONS (Issue Paper #2)

{I did not have time to fully review paper #2, so only have input on this one item at this

time}

2) Goodness of Fit

We should also ask, if the overall risk assessment is sensitive to both the

exposure model and only a few of many exposure factors, just how “good” does every

other distribution have to be in order to support credible risk management decisions?

For example, if a relatively esoteric and hard to conceptualize distribution best tits

available data, but a much more common and more easily understood distribution fits

almost as well (say within 20%), would there not be some advantage in use of the

latter? In addition, if toxicity data remain as point estimates with uncertainty

approaching an order-of-magnitude, it would appear that there should be some leeway

in how we choose or define certain exposure factors.
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Representativeness (Issue Paper #1)

1) The Issue Paper

1.1 The checklists

Section 3 of the Issue Paper regards the inferential process as consisting of several

stages of inference and measurement: Population of interest -> Population(s) actually

studied -> Set of individuals measured (the “sample”) -> The measurements. The three

stages are denoted “external” inference, “internal” inference, and measurement,

respectively.

This appears to be a useful framework. However, the four checklists address the first

two stages only. Checklist I concerns the “internal” inference; Checklists II through IV

concern the “external” inference. No checklist specifically addresses measurement.

This approach is unbalanced. The obvious parallelism among Checklists II through IV

emphasizes the lack of balance. We should consider whether a better organization of

checklists might be achieved. One possible organization could be:

Checklist A: Assessing measurement representativeness

Checklist B: Assessing internal representativeness

Checklist C: Assessing external representativeness

Checklist D: “Reality checks,” or overview.

Checklist B and checklist I would nearly coincide. Checklist C would incorporate the

(common) questions of checklists II through IV. Checklists A and D are new. Checklist

A would incorporate certain questions sprinkled throughout Checklists I-IV, such as:

l Does the study appear to have and use a valid measurement protocol?

l To what degree was the study design followed during its implementation?
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